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). This paper describes the isolation and initial studies of a novel paramyxovirus 47 discovered in a private Australian snake collection that was associated with significant morbidity and 48 some mortalities. The novel paramyxovirus described in this paper is distantly related to the 49
Ferlavirus genus and we suggest this new virus be named Sunshine virus, after the origin of the first 50 isolate -the Sunshine Coast of Queensland, Australia. 51 53 In 2008, a private breeder of birds and reptiles from Queensland, Australia acquired seven jungle 54 carpet pythons (Morelia spilota cheynei) as a breeding loan from another private keeper. The snakes 55
Materials and Methods

52
Sample collection
were to be added to a collection of 70 Australian pythons (Antaresia sp., Morelia spilota ssp. and 56
Aspidites sp.). Following an outbreak of neurorespiratory disease, the entire collection was 57 humanely euthanased. Samples were collected from these animals and then submitted to the 58 primary author (THH) for further investigation. In total, samples from 17 livers, kidneys and lungs, 16 59 brains and 13 serum samples were collected from 17 snakes. Snakes were selected for sample 60 collection based on clinical signs and/or which snakes they had been in direct contact with. 12 of the 61 17 snakes were symptomatic while the remaining five snakes were in-contact but asymptomatic. 62
Half of each organ was submitted frozen and the other half was submitted fixed in formalin for 63 histopathological examination. 64 x enrofloxacin (25µg/mL using Baytril® 2.5% Oral Solution, Bayer), 2 x amphotericin B (5µg/mL, 72 GIBCO, cat. no. 15290-018), 5 x penicillin G/streptomycin (50IU/mL and 0.5mg/mL respectively, 73
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Sigma, cat. no. P4333-20ML) and 1 x L-glutamine (2mM, GIBCO, cat. no. 25030-149). Samples were 74 then aseptically and finely diced using sterile scissors. Samples were then vigorously vortexed and 75 clarified (4,000g x 10min @ 4˚C). 76
Viper heart cells (VH2, ATCC CCL-140) were grown at 30˚C and 5% CO 2 . At 80%-100% confluency, the 77 cell culture medium was removed, the cells were rinsed with 1 x phosphate-buffered saline (PBS) 78 and supernatant from the clarified tissue suspension was added to the cells. Flasks and plates were 79 left to incubate at room temperature for 1 hour. The tissue suspension supernatant was removed, 80 cells were rinsed several times with 1 x PBS and then virus isolation media was added. Cells were 81 observed daily for cytopathic effects (CPE). Seven days after inoculation, cells were frozen and then 82 left to thaw at room temperature. Medium was clarified as above and supernatant was then used to 83 replace the maintenance media of 75%-80% confluent VH2 cells. Wells were left at room 84 temperature for one hour and then maintenance media was added. For some virus isolation 85 attempts, this freeze-thawing passage was repeated once more. Viral titre was determined using the 86
Reed-Muench method as previously described (Mahy and Kangro, 1996) . 87
Polymerase chain reaction and Highthroughput sequencing
88
For the purposes of polymerase chain reaction (PCR), aliquots of unprocessed media and frozen-89 thawed, clarified cell lysate were taken from infected flasks. The predicted homologous amino acid sequences of mononegaviral proteins were aligned using 150
MAFFT (Katoh and Toh, 2008) . Bayesian analyses of each alignment were performed using MrBayes 151 3.1 (Ronquist and Huelsenbeck, 2003) on the CIPRES server (Miller et al., 2010) , with gamma 152 distributed rate variation and a proportion of invariant sites, and amino acid substitution model 153 jumping. Four chains were run and statistical convergence was assessed by looking at the standard 154 deviation of split frequencies as well as potential scale reduction factors of parameters. The first 10% 155 of 1,000,000 iterations were discarded as a burn in, based on examination of trends of the log 156 probability vs. generation. Two independent Bayesian analyses were run to avoid entrapment on 157 local optima. 158
Maximum likelihood (ML) analyses of each alignment were performed using RAxML on the CIPRES 159 server (Stamatakis et al., 2008) , with gamma distributed rate variation and a proportion of invariant 160 sites. The amino acid substitution model with the highest posterior probability in the Bayesian 161 analysis was selected. Nyamanini virus (GenBank accession number NC012703) was used as the 162 outgroup for the N and L genes, Bornavirus (NC_001607) was used as the outgroup for the M gene, 163
and Atlantic salmon paramyxovirus (EF646380) was designated as the outgroup for the F gene. 164
Bootstrap analysis was used to test the strength of the tree topology (200 re-samplings) (Felsenstein, 165 1985) . Numbers of bootstrap replicates were determined using the stopping criteria by Pattengale et 166 al. (2010) . 167
To test for paraphyly of the Paramyxoviridae, likelihood ratio testing was conducted (Shimodaira and 168 Hasegawa, 1999). Trees of the nucleoprotein were constrained to paramyxoviral monophyly and 169 compared by the Shimodaira-Hasegawa test to the best unconstrained tree identified in RAxML. 170 Gene ends are typically G/C/U rich motifs followed by 4-7 uracils (Lamb and Parks, 2007) . A 3'-220
Results
171
Virus Isolation
CUCUCuCU-5' motif (capital letters are completely conserved) was identified before every predicted 221 ORF except the fusion gene, which may serve as a gene start site (Table 2) . A CUCUCUCU motif was 222 identified 87 nucleotides after the predicted start codon of the fusion gene. A 3'-RuUuaa(U) 4-8 motif 223
(R=A or G, capital letters are completely conserved) was identified after every predicted ORF except 224 the matrix gene, which may serve as a gene stop site ( In all characterized viruses in the subfamily Paramyxovirinae, but not Pneumovirinae, the P gene 238 contains a conserved motif that is involved in RNA editing, so that other reading frames can be 239 utilized (V/W/D proteins) (Kolakofsky et al., 2005) . A homologous motif could not be identified in the 240 putative P gene of Sunshine virus, further serving to distinguish it from the Paramyxovirinae. 241
Phylogenetic analysis
242
Bayesian phylogenetic analysis of the predicted N and M proteins found that the WAG model of 243 amino acid substitution was most probable with a posterior probability of 1.000 (Whelan and  244 Goldman constrained to monophyly of the Paramyxoviridae were significantly worse than the best tree. 264
Discussion
265
We report the first isolation and partial molecular characterisation of a novel paramyxovirus which 266
we are proposing to name Sunshine virus. This virus is the first paramyxovirus to be isolated in 267
Australia from a non-avian reptile. It is also the first paramyxovirus from a non-avian reptile that 268 does not belong to the genus Ferlavirus. In all known members of the order Mononegavirales, the nucleocapsid gene is near to the 3' end 320 and the polymerase gene is nearest to the 5' end, with the only genes outside of these being NS1 321 and NS2 before the nucleocapsid in the genus Pneumovirus. It is therefore likely that the sequence 322 information generated from this investigation includes all of the coding regions of this new virus. The 323 depth of coverage from the Illumina® High-throughput sequencing is shallow at both the 3' and 5' 324 end of the contig. Therefore, the 17,187 nucleotide contig may not represent the complete genome. 325 5' or 3' rapid amplification of cDNA ends (RACE) may help in defining terminal ends of this genome. 326
The "rule of six" is the finding that the total number of nucleotides in the viral genome of all 327 members of the subfamily Paramyxovirinae is a multiple of six (polyhexameric); this feature is not 328 found in the subfamily Pneumovirinae (Kolakofsky et brackets demarcate viral families, medium brackets indicate paramyxoviral subfamilies, and thin 560 brackets demarcate paramyxoviral genera. Sequences retrieved from GenBank are from the same 561 genomes as the L genes used in Figure 3 . 562 
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A novel paramyxovirus was isolated from Australian pythons High throughput sequencing was used to identify this virus Phylogeny shows that this virus clusters outside of both paramyxoviral subfamilies The name Sunshine virus is proposed for this new virus 
